Dirofilariosis has been reported in many warm-blooded animals, including snow leopards \[[@B1]\], coyotes \[[@B2]\], ferrets \[[@B3]\], cats \[[@B4]\], and humans \[[@B5]\]. The prevalence of feline heartworm infection is 10-20% of the prevalence in dogs within the same enzootic region \[[@B6],[@B7]\]. Canines are a definitive host for *Dirofilaria immitis*, but its life cycle can also be completed in cats \[[@B8]\]. The natural resistance of cats to *D. immitis* and variations in mosquito feeding preferences partly explains the lower prevalence of infection in cats \[[@B9]\]. Additionally, the testing frequency is estimated to be 0.06% among cats, which is very low compared to 33% testing frequency in dogs \[[@B7],[@B10],[@B11]\]. Previous studies have reported that adult heartworms are present in 2.1-4.9% of shelter cats at necropsy \[[@B12],[@B13]\]. Both domestic and stray cats can be infected by *D. immitis*, and 1 retrospective study showed that 25% of cats infected with feline heartworm were indoor cats. Most commonly, only 2-4 immature worms develop into adult heartworms in cats \[[@B6]\]. However, extensive pulmonary injury can be caused by circulating larvae, even if they are cleared successfully or no adult worms develop \[[@B9]\]. Many cats tolerate heartworm infection well, and in some, the disease is cured without intervention and without a fatal result. Nevertheless, some infected cats experience recurrent signs and symptoms of infection such as chronic cough, respiratory distress, and wheezing \[[@B14]\]. Previous studies have shown that chronic bronchial damage and reduced clearance of mucus and inflammatory debris can be caused by infection with D. immitis; histopathological evidences of this manifestation have been found in *D. immitis*-positive cats and healthy cats \[[@B14],[@B15]\].

The availability of a specific and sensitive test for diagnosing heartworm infections could be helpful for managing infected cats, although the current diagnostic cost and limited treatment options prevent frequent testing \[[@B4]\]. However, its importance cannot be disregarded as the presence of only 2 adult worms in the lungs can be fatal, and feline heartworm disease is an important cause of feline asthma \[[@B16]\]. Commercially available antigen tests target an antigen in the reproductive tract of adult females, but false negative results occur in cases of single sex infections in males or juvenile worm infections \[[@B9],[@B17]\]. Therefore, we used nested PCR analysis to detect *D. immitis*. The purpose of this study was to conduct a survey of *D. immitis* infection among stray cats in Korea using nested PCR.

We included 235 Korean domestic short-haired stray cats (121 females and 114 males) in our study. Serum samples were obtained from 135 cats from Daejeon, 50 cats from Seoul, and 50 cats from Gyeonggi-do (Province) ([Fig. 1](#F1){ref-type="fig"}). The samples were randomly selected from the Daejeon, Seoul, and Gyeonggi-do regions in cooperation with local hospitals, and the sample size was unrelated to the number of stray cats by region. Blood sampling was completed in veterinary clinics and related institutions involved in veterinary medicine. The stray cats were safely captured through the local ward government\'s Trap, Neuter, and Return program. Female cats were subjected to ovario-hysterectomy and male cats were subjected to castration. After the procedure, the cats were returned to the territory from which they were captured. Blood was collected from each cat via cephalic or jugular puncture and separated into 2 equal samples. One blood sample was placed in a plain test tube and centrifuged for 5 min at 1,800 g after clotting at room temperature for 30 min. The other sample was placed in an EDTA tube for DNA extraction. None of the 235 cats showed evidence of feline leukemia virus or feline immunodeficiency virus infection using ELISA kit (SNAP test, IDEXX Laboratories, Westbrook, Maine, USA). This study was conducted in accordance with the Guide for the Care and Use of Laboratory Animals, and was approved by Chungnam National University (no. CNU-00317).

Genomic DNA was extracted from whole blood isolates using a PrimePrep Genomic DNA isolation kit (GeNet Bio, Daejeon, Korea), and samples were stored at 4℃ until analysis by nested PCR. The following 2 PCR primer pairs were used to amplify the cytochrome c oxidase subunit I (*COI*) gene \[[@B7]\]: forward (5\'-ATTGGTGGTTT TGGTAATTGGATGTTG-3\') and reverse (5\'-CAGAAGTCCCCAATACAGCAATCC-3\'), which amplified a 634-bp fragment in the first round PCR and forward (5\'-GGGTCCTGGGAGTAGTTGAAC-3\') and reverse (5\'-TTCACTAACAATCCCAAA CACCG-3\'), which amplified a 406-bp fragment in the second round PCR. Nested PCR was performed using a method reported previously \[[@B7]\]. The PCR products were resolved on an ethidium bromide-stained 2% agarose gel in TAE buffer, and amplicons were visualized under UV light ([Fig. 2](#F2){ref-type="fig"}). Upon confirmation of the band of interest (406 bp), the PCR products were purified using a Gene All Elution kit (GenAll, Seoul, Korea) according to the manufacturer\'s instructions. The purified PCR products were sequenced by Cosmo Genetech (Seoul, Korea). The Lasergene sequence analysis software package (DNASTAR, Madison, Wisconsin, USA) was used to edit DNA sequences. The statistical analysis was performed with the commercially available IBM/SPSS Statistics 18.0.0 computer based software program (SPSS Inc., Chicago, Illinois, USA). Differences in the prevalence of infected cats by gender and region were analyzed by the chi-square test for independence, and Fisher\'s exact test, respectively. Statistical significance was defined at *P*\<0.05.

A nested-PCR-positive band was detected at 406 bp by electrophoresis ([Fig. 1](#F1){ref-type="fig"}). Of the 235 DNA samples, 14 (6.0%) were positive for *D. immitis* ([Table 1](#T1){ref-type="table"}). The prevalence of infection in male cats (8/114, 7.0%) tended to be higher than that in female cats (6/121, 5.0%), but the result was statistically not significant. Additionally, no significant differences were observed among the prevalence by geographic areas, although the rate of *D. immitis*-positive samples was higher in Gyeonggi-do (4/50, 8.0%) than in Daejeon (8/135, 5.9%) and Seoul (2/50, 4.0%). In Korea, Liu et al. \[[@B18]\] reported that the prevalence of feline heartworm infection in Gyeonggi-do, as tested by a commercially available ELISA kit and PCR analysis, was 2.6%. In the present study, 8.0% (4/50) of the cats were positive for *D. immitis*, according to the nested PCR analysis. The D. immitis-positive rate was 8.7% (2/23) in female cats and 7.4% (2/27) in male cats in Gyeonggi-do, but no significant differences were noted, which agreed to the findings of Lie et al. \[18\]. The *D. immitis*-positive rate in Gyeonggi-do was higher in the current study (8.0%, 4/50), compared to that of Liu et al. \[[@B18]\]. This was likely due to the different sample areas. Liu et al. \[[@B18]\] included the northern area of Gyeonggi-do, and we included the southern area. No significant differences were observed related to the geographic area or prevalence, but Gyeonggi-do was the most feline heartworm endemic area among the 3 sample locations. One retrospective study reported that the relative prevalence of feline heartworm, as compared to other feline infectious diseases, including feline leukemia virus and feline immunodeficiency virus, deserves attention of clinicians \[[@B10]\]. All 235 cats in the present study showed negative results for feline leukemia virus and feline immunodeficiency virus using a commercially available ELISA kit.

We performed a sequencing analysis of 7 of 14 (3 from Daejeon, and 2 each from Seoul and Gyeonggi-do) *D. immitis*-positive samples. All sequencing samples corresponded to partial *D. immitis COI* gene sequences with 99% homology to a *D. immitis* sequence deposited in GenBank (accession no. FN391553). We deposited the 7 partial sequences that showed 99% homology to each other and to the corresponding *COI* gene of *D. immitis* (accession nos. KF918393, KF918394, KF918395, KF918 396, KF918397, KF918398, and KF918399).

Feline heartworm disease is a clinical and diagnostic challenge in veterinary medicine \[[@B18]\]. Commercially available ELISA tests target an antigen in the reproductive tract of adult females; therefore, false negative results can occur in cases of single sex infections in males or juvenile worm infections \[[@B9],[@B17]\]. Positive antibody test results indicate a history of exposure to heartworm larvae in at least the L4 stage, but it cannot assess the current stage of *D. immitis* infection \[[@B18]\]. As little as 10 pg of *D. immitis* genomic DNA can be detected using PCR; therefore, nested PCR may be a more useful diagnostic tool to detect the *D. immitis* low infection in feline heartworm disease \[[@B18]\]. As one of the important feline respiratory diseases, feline heartworm infection should be evaluated routinely in clinics.

This is the first survey using nested PCR to analyze the prevalence of *D. immitis* and to perform sequencing analysis in stray cats in Korea. Further studies are needed to characterize and compare the infectious pathways between stray cats and stray dogs.
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